(1) Japanese Patent Application Laid-Open No. 05-218410 (1993) "SEMICONDUCTOR 
DEVICE AND MANUFACTURING METHOD THEREOF" 

The following is English translation of an extract from the above-identified 
document relevant to the present application. 

After obtaining a structure shown in Fig. 1(a), a gate dielectric film 4 of 5nm is 
grown up on a silicon substrate 1. Furthermore, after depositing polysilicon with 
thickness of 350nm on the whole surface, high-concentration phosphorus is diffused in 
the polysilicon using POCI3. Then, the gate dielectric film 4 and polysilicon 5 with 
N + type conductivity is processed by anisotropic etching. An oxide film 6 of about 
13nm is formed on a source-drain in a dry oxygen atmosphere at 850 °C( Fig. 1 (b)). 
At this time, an oxide film 6 of about 500A is formed on the gate electrode 5. 
[0035] Next, N-type impurity such as phosphorus is implanted into the substrate 1 
using the gate electrode 5 as a mask on the condition that the dose amount is 7E13 
and the acceleration voltage is 40keV, and LDDN" layer is formed in self- alignment 
with a gate. Subsequently, lOOnm of a silicon nitride film is deposited with LPCVD 
and the silicon nitride film is left only on the gate side after anisotropic etching. 
Thereby, a side wall 7 is formed (Fig. 1 (c)). 

[0036] Next, by using the gate electrode 5 and the side wall 7as a mask, an ion such as 
arsenic is implanted on the condition that the dose amount is 3E15 and the 
acceleration voltage is 50keV, and a source-drain region 8 that is activated by lamp 
heating (1000 "C, 20") is formed. Afterwards, the surfaces of the silicon substrate 1 
and the gate polysilicon 5 are exposed on the source-drain region 8 and the gate 
electrode 5, by using the etching liquid of dilute HF of 100-3, for example (Fig. 2 (a)). 
[0037] Furthermore, by CVD, for example, 200A of transition 8 group's metal such as 
nickel (9 in Fig 2) is deposited (Fig. 2(b)). 



[0038] Next, by heat treatment for 1 minute at 580 *C, the nickel film 9 on the gate 
electrode 5 and the source-drain region 8 is reacted with silicon to form about 700A of 
NiSi (10 in Fig. 2). Then, selective etching is performed for 15 minutes with a 
solution with mixing ratio of HC1'H202 : H2 0=1^1 -2 to remove unreacted nickel on the 
side waU 7 (Fig. 2 (c)). 

[0039] After the procedure shown in Fig. 2 (c), 2000A of CVD-Si0 2 film and 9000A of 
BPSG film are deposited and flattened by the resist etchback method. At this time, 
heat treatment in high temperature is unnecessary. Finally, a NiSi salicide 
transistor is completed through the usual processes, such as opening of a contact hole, 
formation of Al wiring pattern, heat treatment by forming gas of 450X3, and opening of 
a pad. 

[0040] As mentioned above, salicidization by NiSi was performed in the 1st 
embodiment, using nickel as a high melting point metal. Since heat treatment can be 
performed at low temperature of 400 700 *C in the case of salicideization by NiSi, it is 
suitable for the low-temperature process. Moreover, since a stable silicide film can be 
formed at low temperature, diffusion of an impurity decreases and shallow junction is 
possible. Therefore, a fine -structured semiconductor device can be manufactured. 
[0041] Unlike conventional TiSi2, Since NiSi does not cause creepig-up phenomenon, it 
does not cause short circuit between the gate and the source or between the gate and 
the drain. Furthermore, the film stress of NiSi is approximately half of that of TiSi2 , 
when the film stress of TiSi2 is 1.2 • 10 10 (dyn/cm), the film stress of NiSi is 6 • 10 9 
(dyn/cm). 

[0042] The VDID property of the salicide transistor by this NiSi is shown in Fig. 3. 
This chart shows the drain voltage versus drain current where the gate voltage Vg is 
the parameter. 



[0043] In addition, whereas Ni is used as transition 8 group's metal in the 1st 
embodiment, Co can be used to silicidize in the same manner. However, whereas 
heat treatment can be performed at low temperature like NiSi when the Co is 
silicidized to CoSi, Co has a defect that a composition changes at 500 *C or higher. 
[0044] Second Embodiment 

The first embodiment shows the example of Salicidization with NiSi, in which the 
oxide film 6 is formed in a lower part under the side wall 7 and silicidization is not 
performed as shown in Fig. 2(c). Therefore, parasitic resistance of an N- layer tends 
to become large as is conventionally. The manufacturing method to solve this 
problem is explained with reference to Fig. 4. The process proceeding the one shown 
in Fig. 4 is omitted here since it is the same as the one shown in Fig. 1. 
[0045] After forming a source-drain region 8, the surfaces of a silicon substrate 1 and a 
gate polysilicon are exposed on the source-drain region 8 and the gate electrode 5 
using etching solution of dilute HF of 100:3. Etching is performed further and a 
cavity 11 with the width of 400A is formed in the lower part under the side wall 7 (Fig. 
4 (a)). 
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